OBJECTIVES-To assess differences in resource use and cost between older adults with and without mild cognitive impairment (MCI) over time.
MEASUREMENTS-The
Resource Use Instrument (RUI) was used to capture medical and nonmedical care use. Generalized linear latent and mixed models were used to estimate differences in resource use and costs in older adults with and without MCI after controlling for clinical and demographic characteristics.
RESULTS-At baseline, average annual direct medical cost per person was substantially higher for participants with MCI ($6,499) than for those without ($2,969) P < .001). Informal care use was also substantially higher (33% vs 8.4%, P < .001). Results from multivariate analyses of longitudinal data show that, after controlling for participant and informant characteristics, direct medical costs were 44% higher for participants with MCI than for those without. Participants with MCI were almost five times as likely to use informal care as those without. Number of medical conditions and older age were associated with higher medical cost. Worse functional and cognitive status, older age, being married, and being female were associated with higher likelihood of informal care use. Having an adult child informant was associated with higher likelihood of using informal care.
CONCLUSION-The RUI captured differences in resource use and costs between individuals with and without MCI. Clinicians who care for individuals with MCI should address informal care needs early in the disease course.
Keywords
mild cognitive impairment; case-control study; medical care; resource use; cost; informal care
Mild cognitive impairment (MCI) due to Alzheimer's disease (AD) is characterized by noticeable decline in memory that is not severe enough to significantly interfere with daily life. 1, 2 As many as 10% to 20% of people aged 65 and older are estimated to have MCI; approximately 5% to 15% of these progress to AD annually. [3] [4] [5] [6] Because of the large and growing number of individuals with AD and the high costs of their care, much research has focused on exploring the effects of disease severity on cost of AD, but resource use and costs for individuals with MCI are not well understood. One recent study on the direct cost of care for individuals with MCI in a primary care setting reported 16% higher direct costs for individuals with MCI than for those without. 7 Two recent reviews noted several limitations of existing studies on cost of AD, including lack of longitudinal data, limited measures of disease severity, and limited focus on informal care. 8, 9 In light of these recommendations, the aim of this study was to further knowledge of resource use and costs in MCI in several fronts. First, a validated measure of resource use, the Resource Use Instrument (RUI), developed as part of the Alzheimer's Disease Cooperative Study (ADCS) instrument development program, was used to capture healthrelated resource use for older adults at various stages of cognitive decline. The RUI has been effectively administered in clinics and at home in several studies for participants with and without AD, 10-12 but it has not been used to examine resource use in MCI. Second, a comparison group of elderly adults without MCI was included to assess excess cost due to MCI. Third, longitudinal data were used to assess whether differences in resource use changed over time, after controlling for disease severity and other participant characteristics.
METHODS

Participants
Participants with (n = 259) and without (n = 107) MCI were recruited into parallel studies using comparable methods at 68 ADCS sites. Common entry criteria were aged 55 to 90, no use of antidementia drugs or other drugs known to affect cognition, and an available informant who lived with the participant or had personal encounter with the participant at least 6 to 8 hours more than 1 day per week and accompanied the participant to all clinic visits for the study period. Criteria specific to participants with MCI were memory complaints verified by an informant, abnormal memory function below an educationadjusted cutoff on the Logical Memory II subscale (Delayed Paragraph Recall) of the Wechsler Memory Scale, 13 Mini-Mental State Examination (MMSE) score of 24 or less, 14 Clinical Dementia Rating Scale (CDR) score of 0.5, 15 and general cognition and functional performance sufficiently preserved such that the site physician could not make a diagnosis of AD at screening. Criteria specific to controls required absence of depression or other neurodegenerative conditions; absence of a memory complaint; normal cognition as indicated by a CDR score of 0, a Global Deterioration Scale score of 1, or 2, 16 or a MMSE score greater than 26; and a Hamilton Depression Rating Scale score less than 1. 17 Twenty percent of controls were required to be nonwhite minorities. After baseline assessment, participants were followed annually for 3 years, with follow-up evaluations performed within a 2-week period of the scheduled follow-up date. Institutional review board approval was obtained at each participating ADCS site, and written informed consent was obtained from all study participants and informants.
Instrument
A trained study coordinator recorded data on participants' resource use using the RUI in an interview with the participant and informant that took place in the clinic. The instrument and costing methods have been fully described elsewhere. 10 Briefly, questions were selected to reflect the most important aspects of health care that elderly adults may use and were designed to collect information with little assistance from study staff. Direct medical care included hospitalizations, medications, health provider visits, treatments and procedures, and durable medical equipment. Nonmedical care items included paid (formal) and unpaid (informal) care. Formal care included care that home health aides, attendants, or other paid individuals provided. Informal care included care that family members, friends, volunteers, or other helpers provided for basic and instrumental activities of daily living (ADLs). Intensity of use (e.g., number of hospitalizations) was recorded for each item. The RUI did not ask whether or how much was paid by insurance or out of pocket. The perspective is from the society, and total reimbursed and un-reimbursed healthcare costs were estimated.
Clinical and Demographic Characteristics
Information was collected on age, sex, ethnicity, marital status, and education. Clinical characteristics included MMSE score, Alzheimer's Disease Assessment Scale-Cognitive subscale (ADAS-cog), 18, 19 and ADCS-ADL scale. 20 In obtaining participants' medical history, the study asked whether the participant had major psychiatric; neurological; head, eyes, ears, nose, and throat; cardiovascular; respiratory; hepatic; dermatological or connective tissue; musculoskeletal; endocrine or metabolic; gastrointestinal; hematopoietic or lymphatic; or renal or genitourinary problems, as well as allergies or drug sensitivities or malignancies and whether the participant had any major surgical procedures. These areas were summed to construct the total number of medical problems the participant had. To examine whether informant characteristics were associated with participant health-related resource use, information on the informant's age, sex, education, and relationship to the participant was included.
Analysis
Baseline characteristics, utilization rates, and cost per person of participants with and without MCI were first compared. Because responses for many resource utilization items were heavily concentrated at 0, costs per user for each item were also computed as were costs of participants with and without MCI. The chi-square test was used to compare utilization rates. Because healthcare costs are highly skewed to the right, group differences were compared using Kruskal-Wallis tests. All costs were adjusted to 2009 dollars using the Consumer Price Index.
Generalized linear latent and mixed models were used to estimate differences in resource use and costs in participants with and without MCI. Unobserved heterogeneity within participant groups and sites were modeled using random effects. 21 Whether rate of change in resource use and cost over time were different between participants with and without MCI were tested by including an interaction term of indictors for MCI and year, but it was statistically insignificant and therefore dropped from final analyses. All estimates were performed using STATA 9.0 (StataCorp, College Station, TX). The main independent variable, a dichotomous indicator for MCI group, was used to assess excess use and cost due to MCI. Control variables were baseline age, sex, race, marital status, and years of education of the participants. Clinical variables were ADAS-cog, ADCS-ADL, and number of medical problems, all measured at each interval. Bivariate associations between informant characteristics and participant resource use were tested. Having an adult child participate as the informant was the only informant characteristic that was statistically associated with participant resource use and was included in the analyses. Direct medical costs were logtransformed because they were highly skewed to the right. Estimated coefficients in this model are proportional changes in cost for a unit change in the explanatory variable. Informal care use was estimated because the number of participants who used informal care was small. Formal care use was not estimated because no participants without MCI used formal care any time during the study, and only 2.7% of participants with MCI at baseline and 9.1% in Year 3 used formal care.
RESULTS
Demographic and Clinical Variables at Baseline
Participants with MCI were older (mean age 73 vs 70), more likely to be male (53% vs 39%), and married (78% vs 68%) ( Table 1) . Participants with MCI were 93% white. Because 20% of controls were required according to study protocol to be nonwhite minorities, 69% of the control group was white. Average scores for all clinical measures were significantly worse for participants with MCI (all P < .01). Approximately two-thirds (64.5%) of participants with MCI completed the study, compared with 80.3% of those without (P = .003). Presence of medical problems were similar between participants with and without MCI except for higher proportions in MCI of renal or genitourinary (49% vs 35%), neurological (29% vs 17%), and respiratory (19% vs 8%) problems. The most commonly reported problems were head, eyes, ears, nose, and throat; musculoskeletal; or cardiovascular and having had major surgical procedures.
Compared to normal elders, informants for participants with MCI had fewer years of schooling (mean 14.6 vs 15.4, P = .01). They also were more likely to be spouses (71% vs 54%) but less likely to be friends (10% vs 19%) or other relations (5% vs 10%, P < .001). Differences in informant age and sex between participants with and without MCI were not statistically significant.
Unadjusted Resource Use and Costs at Baseline
Utilization rate of direct medical care was similar between participants with and without MCI except for slightly higher rates of prescription medication use for MCI (99% vs 95%, P = .04) ( Table 2 ). Informal care use was significantly higher for participants with MCI (33% vs 8.4%, P < .001).
Average annual costs per person for medical care were substantially higher for participants with MCI ($6,499 vs $2,969, P < .001). Per-person cost of hospitalizations, prescription medications, and doctor visits were each significantly higher for MCI (all P < .02). The largest cost component for both groups was hospitalizations, accounting for nearly half of total medical costs for participants without ($1,293, 46.3% of total cost) and with ($3,768, 58.0% of total cost) MCI. The second largest cost component, prescription medications, was lower for participants without ($407, 14.6% of total cost) than with ($1,537, 24.0% of total cost) MCI. Costs of assistive devices, outpatient tests and procedures, and doctor visits were low for both groups. Informal caregiving time was significantly higher for participants with (58 min/d) than without MCI (9 min/d) (P < .001). Per-person cost of formal care was nominal ($62) for participants with MCI.
On a per-user basis, costs for hospitalizations and doctor visits were not significantly different between participants with and without MCI. Reasons for hospitalizations, categorized into major diagnostic categories, were similar between participants with and without MCI. The most frequent reasons for hospitalizations were hip and knee replacement, cardiac problems, and pneumonia. Prescription medication cost per user was significantly higher for MCI ($1,555 vs $427, P < .001). For those who used informal care, informal hours per day for participants with MCI exceeded that of controls by approximately 1 hour per day (174 vs 108 minutes), although differences were statistically not significant. For participants with MCI who used paid care, annual costs of $2,278 were substantial. Table 3 presents multivariate regression results of longitudinal effects of participant characteristics on direct medical costs and informal care use. Results show that, after controlling for other covariates, direct medical costs were 44% higher for participants with MCI than for those without (P = .01). Annual direct medical costs increased an average of 13.1% each year for both groups (P < .001). Rates of increase did not differ according to group. Each additional medical problem was associated with 14.8% greater direct medical costs (P < .001). Higher direct medical costs also were associated with older age (8.4% greater for every 5 years of age, P = .04). Variation between participants at a site (standard deviation (SD) = 0.663) and variation between sites (SD = 0.397) were smaller than variation over time within participants (SD = 1.191).
Multivariate Analysis of Longitudinal Changes in Resource Use and Cost
Controlling for other characteristics, participants with MCI were almost five times as likely to use informal care as controls (odds ratio (OR) = 4.62, P = .001). Each point increase in ADAS-cog was associated with a 5% greater likelihood of using informal care (OR = 1.05, P = .02), and each point increase in ADCS-ADL was associated with 10% less likelihood of using informal care (OR = .90, P < .001). Greater likelihood of using informal care was also associated with older age (OR = 1.22, P = .03 for every 5 years of age), being married (OR = 2.69, P = .01), being female (OR = 3.12, P < .001), and having an adult child as informant (OR = 3.05, P = .01). Variation between sites (SD = 0.985) was smaller than between participants within a site (SD = 1.157).
DISCUSSION
Few studies have examined resource use and cost of caring for individuals with MCI. As part of a clinical trial, this study showed that RUI captured variations in resource use and costs between participants with and without MCI. With few exceptions, use and costs for each resource item were higher for participants with MCI than for those without. For both groups, the largest cost component by far was for hospitalizations. Medications represented an increasingly important component of direct medical costs for participants with MCI over time. The distribution of different cost components was consistent with those reported in AD and a recent German study in MCI. 7, 12 Differences in direct medical costs and informal care use between participants with and without MCI were examined after controlling for participant characteristics to assess excess use and cost of MCI. Results showed significantly higher direct medical cost and informal care use for participants with MCI than for those without. Because of the substantial nonmedical cost of caring for individuals with AD, it is particularly important to quantify informal care use to fully comprehend the economic effect of MCI and potential savings that might be gained by pharmacological intervention at this stage. Results from this study suggest that informal care begins to exert its toll early, before individuals develop dementia.
This study has several limitations. Participants were recruited from a clinical trial. Selection criteria for clinical trials may result in more-homogeneous samples that are younger, more white, more likely to be male, better educated, and healthier and therefore may include study participants who use fewer health services than individuals with or without MCI in the community at large and may not be representative of overall clinical populations. 22, 23 Such selection effects may also affect healthcare use and costs, 23, 24 Nevertheless, because participants with and without MCI were recruited in the same setting, although the samples themselves may not be representative of the general population, unless participation in clinical trials has a different effect on resource use and costs between participants with and without MCI, potential biases in the results from different effects on resource use and costs between participants with and without MCI that are associated with participation in clinical trials should be reduced. Still, because this study begins to set a baseline for the incorporation of pharmacoeconomic studies in clinical trials in MCI, possible different participation effects between groups should be explored in future studies.
There were statistically significant differences in demographic characteristics between participants with and without MCI. Higher proportions of men with MCI have been reported in other reports. 25, 26 Because of study requirement of at least 20% nonwhite minorities in controls, distribution of race ad ethnicity differed significantly according to group. These demographic characteristics were controlled for in the multivariate analyses.
The RUI is a self-reported instrument. Studies show that self-reported healthcare use may be used when administrative data are unavailable. Higher accuracy of self-reports for moretraumatic, less-routine events such as hospitalizations, which constitute a large proportion of total costs, suggests that large portions of total costs may be accurately estimated. 27 Studies that have examined relationships between accuracy of self-reported resource use and socioeconomic status have reported mixed results. 27, 28 Only older age has been shown to be consistently associated with underreporting of healthcare use. 29 In this study, participants with MCI were older than controls, suggesting that resource use may be underreported in participants with MCI, and the results may represent a conservative estimate of differences in resource use between participants with and without MCI.
Participation of an informant was required according to study protocol and participants and informants were permitted to contribute to the report. In an earlier study using a sample of cognitively normal elderly adults, resource use of participants who reported on their own and those who reported with the help of an informant were compared. 10 Results showed no difference in resource use between these two groups. Although this suggests that evaluation of resource use in normal aging can be self-administered and does not require substantial staff involvement and data monitoring, in those who later develop dementia, assessment will be increasingly difficult as cognition deteriorates. A comparison between self-reported use and Medicare claims data is needed to validate the self-report methodology to help inform relationships between self-reported use and costs and those that actually incurred with cognitive changes.
Characteristics of the informants may also have affected the RUI reports. It is possible that the degree of informant participation between participants with and without MCI could differ and may have affected the results, but the extent of informant involvement and specific contribution of each was not monitored in the study, precluding an analysis of its effect on resource use. As part of a clinical trial, standard levels of demographic information were collected on informants. All available information on the informant that might affect RUI in the analysis were controlled for, and it was found that informants' marital status and relationship to the participant were associated with participants' informal care use but not medical care costs. Ideally, analysis should also control for informant health characteristics (e.g., psychological status) that might affect RUI, but data collection on informant health is beyond the scope of clinical trials. Future studies outside the clinical trial context should consider including more-detailed data on informants to obtain a fuller picture of how participant and informant characteristics affect costs associated with MCI. MCI is an important stage in the continuum from healthy cognition to dementia. Health-related resource use and costs are important components for demonstrating the value of treatments. Assessment of the effectiveness of pharmacological agents for treating symptoms and slowing progression of AD requires better assessment methods to evaluate clinical changes in MCI. The current study demonstrated the utility of the RUI in comparing resource use and cost of individuals with and without MCI. The results suggest that clinicians who care for individuals with MCI should address individuals' informal care needs early in the disease course. Group differences between participants with and without mild cognitive impairment (MCI) significant at a P < .05, b P < .01. SD = standard deviation. 
